The immune response of Japanese flounder (Paralichthys olivaceus) against Neobenedenia girellae (Hargis, 1955) (Monogenea: Capsalidae) was investigated. An acquired protection of fish against secondary infection with the parasite was demonstrated by a reduction in the number and body size of parasites on primed fish which had previously been infected with N. girellae and treated by freshwater bath. In the same experiment, however, no raise in the level of antibody in the sera of primed fish was detected by the enzyme-linked immunosorbent assay (ELISA). In another experiment, although antibody was detected by ELISA in the sera of fish immunized by injection with sonicated parasite antigen, there was no significant difference in the parasite counts between antigen-injected and PBS-injected control fish when challenged with oncomiracidia of N. girellae. These results indicate that the protection induced by the previous infection was not associated with the humoral antibody.
Neobenedenia girellae (Hargis, 1955 ) (Mono genea: Capsalidae) was first recovered in Japan in 1991 on two species of cultured marine fishes, Japa nese flounder (Paralichthys olivaceus) and tiger puffer (Takifugu rubripes) . There are now 15 species of cultured marine fishes, including brackishwater cultured Tilapia nilotica, which serve as hosts for this parasite. This mono genean, already widely distributed among fishes in 10 prefectures of southwestern Japan, was introduced to Japan through infected amberjack (Seriola dumer ili) fry imported from Hong Kong and Hainan, China . Neobenedenia girellae is now considered as a potential threat to the health of cultured marine fishes of Japan.
Although monogeneans are recognized as impor tant pathogens of both freshwater and marine fishes, most studies concern their taxonomy, biology and pathogenicity. Relatively little is known about im munity against monogeneans. Woo (1992) reviewed the immune responses of fishes to parasitic organ isms. Among such studies, acquired protection of fish against monogenean infections was reported but the mechanism(s) and nature of resistance against such parasites were poorly understood. Many spe cies of aquarium fishes were reported to respond immunologically to infection with Neobenedenia melleni (syn. Epibdella melleni) (Jahn and Kuhn, 1932; Nigrelli and Breder, 1934) . The investigations described below were done to determine the immune response of Japanese flounder against N. girellae, a species closely related to N. melleni.
In these studies, the following 3 experiments were conducted. Experiment 1 was aimed to determine whether Japanese flounder previously infected by challenge with N. girellae and treated by freshwater bath can develop protection against the parasite after secondary infection. Experiment 2 was conducted to determine the effect of the protective response on the parasite. In addition, the levels of antibody in the sera of experimental fish before secondary infection were determined by enzyme-linked immunosorbent assay (ELISA). The objective of Experiment 3 was to determine whether humoral antibody production was involved in the protection of fish immunized by injection with N. girellae antigen. Experimental fish Japanese flounder were obtained from a local juve nile flounder producer in Aichi Prefecture. Fish were determined to be free from infection with N.
girellae by examination of a few samples of fish. In addition, to get rid of other infection, fish were treated with a 10-min freshwater bath (for Experi ments 1 and 2) and 100 ppm formalin bath (for Experiment 3) before the start of the experiment. All fish were fed daily with commercial diet until satiety. prepared. This antigen was injected intraperitoneally (i.p.) to each fish (antigen-injected fish, n = 12, total length: 18.2-25.2 cm) twice at 2-week interval. Con trol fish (PBS-injected fish, n = 12, total length: 18.2 -22.6 cm) were injected i.p. with phosphate buffered saline (PBS) (0.1 M NaCl; pH 7.2) twice at 2-week interval. Primed and control fish were co-habitated before the start of injection procedures. Two weeks after the booster, the blood of 6 fish from each group were collected from the caudal vasculature and anti body levels were measured by ELISA; the remaining 6 fish from each group were challenged with 6,000 eyed-eggs of N. girellae. Ten days after the chal lenge, fish were treated individually with fresh water for 10 min and parasite counts were determined. Sera from 5 fish from each group were used for ELISA since enough blood was not obtained from 1 fish in each group. 
Statistical analyses
All data were analyzed using the non-parametric Mann-Whitney's two side U-test.
Results

Experiment 1
The numbers of parasites that established on primed fish were significantly (p < 0.01) smaller than those on control fish (Table 1) .
Experiment 2
Results of this experiment are presented in Table  2 . There was no significant difference in the antibody levels of the sera between primed and control fish.
On day 6, there was no difference in the counts and body size of parasites on both primed and control fish. However, on day 10, there were highly signifi cant differences (p < 0.01) in both the counts and body size between parasites on primed and control fish. The counts and body size of parasites on primed fish were smaller than those on control fish. Table 3 . Antibody levels of sera from antigen-injected and PBS-injected fish before challenge and parasite counts of antigen-injected and PBS-injected control fish after challenge in Experiment 3
Experiment 3 In Experiment 3, the antibody level in the sera of antigen-injected fish was significantly higher (p < 0.01) than the sera of PBS-injected control fish. However, there was no significant difference (p > 0.05) in the parasite counts of fish between antigen injected and PBS-injected fish when challenged with oncomiracidia of N. girellae (Table 3) .
Discussion
The experiments conducted in this study reveal that Japanese flounder acquired some protection aga inst N. girellae. The acquired protection was shown by a decrease in the number of parasites (Experi ments 1 and 2) as well as a reduction in the body size of parasites (Experiment 2) on primed fish.
Humoral antibody production was probably not in volved in the protection against N. girellae since antibody level did not increase in the primed fish in Experiment 2. Furthermore, in Experiment 3, no difference was found in the parasite count when challenged with N. girellae oncomiracidia between immunized and control fish, although serum anti body of immunized fish showed much higher level than that of control fish.
The significantly low number of parasites recover ed on primed fish in Experiment 1 indicates the existence of an acquired protection of Japanese flounder to N. girellae infection. This phenomenon of lower parasite counts on reinfection has been observed in infections of marine fishes with two benedeniine species, Neobenedenia melleni and Ben edenia hoshinai (Nigrelli and Breder, 1934; Ogawa, protection of flounder to Neobenedenia 237 1984). Skin surface immunity may be involved in such protection. Results of Experiment 2 on day 6 may indicate that the acquired protection acted neither against the establishment of oncomiracidia on the host, nor aga inst the early development of post-oncomiracidia. Alternatively, it may also be possible that the immune response may have started on day 6 or even earlier. This assumption is supported by the fact that on day 6, both parasite counts and body size were considerably smaller, though not statistically signifi cant, on primed than control fish. On the other hand, results on day 10 provide a clear evidence of the immune response of flounder against N. girellae; the protection acting by suppressing the growth of the parasite and inhibiting the retention rate of par asites that once established on the host.
This phenomenon of suppression in the growth of parasite resulting from the host's response to a para sitic infection was first reported by Kennedy and Walker (1969) . In their studies, a lower number of parasite and failure of the parasite to grow was demonstrated by the host dace (Leuciscus leuciscus) on reinfection with the cestode Caryophyllaeus latic eps. Our results on growth suppression of N. girellae is the first case demonstrating such phenomenon in a monogenean infection in fish.
In this study, serum antibody was suggested to have no involvement in the acquired protection aga inst N. girellae. However, Vladimirov (1971) , in a study on immunity of cyprinid fishes to the mono genean Dactylogyrus vastator, suggested that anti body may be related to the protection against the parasite. This was due to the low survivability of the parasite larvae after exposure to antisera from heav ily infected carp. On the other hand, in a study on the monogenean Gyrodactylus bullatarudis infection of sticklebacks (Gasterosteus aculeatus), Scott (1985) reported a low number of parasites on reinfection and shorter duration of infection and sug gested that a specific immune response mediated by antibodies in the mucus may be the mechanism of protection. In general, the epidermis and mucus layer of fish serve as first line of defence against infection. Although not investigated in this study, it seems possible that the skin immunity has an impor tant role in the mechanism of protection against N.
girellae. The existence of mucus antibody were indicated in several recent studies (Lobb, 1987; Rombout et al., 1993; Suzuki, 1995) . Moreover, biologically active substance present in the skin mucus (see Alexander and Ingram, 1992) are capa ble of conferring some kind of immunity to fish. In a study comparing the immunoglobulin in the mucus and serum of carp (Cyprinus carpio), Rombout et al. (1993) reported that they are antigenically different. If this is also the case with Japanese flounder, it is possible that mucus antibody may have played a role in the protection of primed fish in this study. It is of great interest to determine whether the acquired protection is specific to N. girellae or not. Thus, studies on mucus are important subjects on the pro tection mechanism of fish against N. girellae.
